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CHAPTER 3 
RESEARCH METHODOLOGY 
3.1	 Introduction 
Civi1FEM performs the best customization of the well-known Finite Element 
Program, Ansys. In addition, it is also being recognized as one of the most advanced 
software at present time that allowed engineers able to analyze a project which 
committed with a time and a permanent vocation of investigation as well as 
development. The integration between Ansys and CivilFEM has enhanced the 
possibility of implementing high-end technology to a wide range of projects in 
Construction and Civil Engineering fields (Moreno, Monteagudo, Maia, & Ingeciber, 
2001). Engineers may introduce several of shape and material into the corresponding 
CiviIFEM libraries or applying the unique and extensive sections and materials library 
in modeling steel and concrete structures. Furthermore, Civi1FEM manages to perform 
concrete and steel code checking and design such as Eurocodes (EC2 and EC3), 
American (AC13 18 and AISC-LRFD), British (BS8 110 and BS5950-2001) and etcetera. 
Moreover, all kind of complex three-dimensional civil structures with non-linear 
behavior as well as construction process simulation with finite element models is also 
able to generate by CivilFEM. Therefore, Ansys + CivilFEM is a new and efficient tool 
to run advanced analysis in computer. 
The research started with identifies the problems, objectives, scopes of studies 
and review authors' journals etc. In this chapter, the details of the selecting of material's 
codes, Finite Element modeling and analysis as well as abstracting results will be 
discussed.
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3.2	 Details of the Research 
In the research, one (1) solid control beam and ten (10) deep beams with two (2) 
shapes of large openings were modeled as simply supported beams in three-dimension 
(31)) with the concept of Finite Element by using Ansys + Civi1FEM. After modeling, 
all eleven (11) deep beam models are underwent analysis with four-point loading up to 
beam failure in order to obtain crack pattern, load-deflection curve and stress and stain 
contours. Each beam is modeled with an identical dimension of 120 x 600 mm for cross 
section and 2400 mm in length. A schematic diagram of deep beam with reinforcement 
details as shown in Figure 3.1. 
For the Finite Element modeling of control deep beam and deep beams with 
openings in Ansys + Civi1FEM, two (2) 10 mm diameter high tensile steel bars are 
defined as compression reinforcement while two (2) 16 mm diameter high tensile steel 
bars are used as tension reinforcement. In addition, 6 mm diameter of mild steel is 
applied as shear link with spaces at 300 mm center to center as well as riser bar with 
spaces at 150 mm center to center. A nominal concrete cover of 20 mm is applied for all 
beam models and the shear-span and depth ratio is approximately 0.8. Furthermore, the 
beam openings are set at 45 % of overall beam depth. In the research, the supports and 
loads are located 300 mm and 800 mm away from both ends of the beams respectively. 
Moreover, the openings are located in the critical shear zone. 
Figure 3.1: Beam reinforcement and CFRP details (unit: mm)
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3.2.1 Beam Model Configurations 
Table 3.1 lists the details of beam model configurations with dimensions and 
strengthening methods. There are eleven (11) beam models including a control solid 
beam, two (2) beams with openings without strengthening and eight (8) beams with 
opening strengthened by CFRP with different wrapping methods. Figure 3.2 shows the 
flow of beam model configurations and Figure 3.3 shows the beam model 
configurations with CFRP arrangement. 
Table 3.1: Details of research parameters 
	
Beam Opening	 Opening	 Opening Strengthened Strengthening 
	
Location	 Shape	 Size (mm)	 by CFRP	 Method 
CB	 -	 -	 -	 -	 - 
RB	 Shear span Rectangular 270 x 600	 No	 - 
	
RBS 1 Shear span Rectangular 270 x 600 	 Yes	 Surface Wrap
(Vertical) 
	
RBS2 Shear span Rectangular 270 x 600 	 Yes	 Surface Wrap
(Horizontal) 
	
RBS3 Shear span Rectangular 270 x 600 	 Yes	 U-Wrap 
(Vertical) 
	
RBS4 Shear Span Rectangular 270 x 600 	 Yes	 U-Wrap 
(Horizontal) 
CRB Shear Span Circularised 270 x 330 No - 
Rectangular (0270) 
CR13S1 Shear Span Circularised 270 x 330 Yes Surface Wrap 
Rectangular (0270) (Vertical) 
CRBS2 Shear Span Circularised 270 x 330 Yes Surface Wrap 
Rectangular (0270) (Horizontal) 
CRBS3 Shear Span Circularised 270 x 330 Yes U-Wrap 
Rectangular (0270) (Vertical) 
CRI3S4 Shear Span Circularised 270 x 330 Yes U-Wrap 
Rectangular (0270) (Horizontal)
